To test whether macroalgae affect microbial colonizers in close proximity in a phylum-specific fashion, the community richness of planktonic bacteria and fungi was analyzed with selective oligonucleotide probes targeting the Cytophaga/ Flavobacterium/Bacteroides (CFB), Alphaproteobacteria and Roseobacter group and the ITS1 region of marine fungi. Naturally occuring planktonic microorganisms were incubated in the presence of macroalgae or in seawater previously conditioned with macroalgal metabolites. The red algae Ceramium rubrum and Mastocarpus stellatus as well as seawater conditioned with these algae reduced the community composition of bacteria to a greater extent than the brown alga Laminaria digitata, indicating that metabolites differed among macroalgae or that the susceptibility of planktonic bacteria towards alga-derived antimicrobials correlated with their phylogenetic affiliation. The most affected phylotypes belonged to the CFB and the Roseobacter clade. The planktonic fungal community was only affected in the presence of macroalgae and not in algal-conditioned water, but with a specificity different from that observed for bacteria. The macroalgae L. digitata and M. stellatus exhibited more pronounced antifungal effects than C. rubrum. This study demonstrates macroalgal defenses against epiphytic microorganisms based on natural delivery mechanisms of allelochemicals utilizing a culture-independent approach, thus minimizing the ecological bias inherent to culture-dependent studies based on few microbial isolates.
Introduction
Surfaces submerged in seawater are rapidly covered with an organic layer of adsorbed organic matter that favors subsequent colonization by micro-(i.e. bacteria, fungi, diatoms) and macroorganisms (i.e. algal spores, larvae). This process is generally considered to be fouling. If the fouled surface belongs to living organisms, the phenomenon is referred to as epibiosis (Wahl, 1989) . Marine macroalgae are particularly susceptible to epibiosis, given their predominance in the photic zone where growth conditions for phyto-and zooplankton are optimal (de Nys et al., 1995) . Epibionts, i.e. colonizers of living surfaces, may have detrimental effects on host macroalgae, such as disease, tissue necrosis, reduced photosynthesis and growth (Armstrong et al., 2000) . Thus, the prevention of settlement and/or growth of epibionts on algal surfaces and the competition for space, light and nutrients between epibionts and hosts are the driving force for macroalgal allelopathy (Gross, 1999 (Gross, , 2003 .
In terms of abundance and space occupation, bacteria are the dominant colonizers of surfaces in the marine environment, followed by diatoms and fungi. Although most bacteria do not compete with macroalgae for light and nutrients, they may enhance the attachment of other photosynthetic epibionts, e.g. microalgae (Gross, 2003) and macroalgae (Tait et al., 2005) . However, the bacterial abundance on many macroalgae is relatively low compared with co-occurring biofilms on inanimate substrata (Steinberg et al., 1997; Maximilien et al., 1998; Dobretsov & Qian, 2002) . It has long been demonstrated that macroalgae have evolved antifouling mechanisms of physical nature (Moss, 1982; Keats et al., 1997; Corre & Prieur, 1990) , but more recently increasing evidence indicates that macroalgae deter fouling of epiphytic bacteria also through chemical means (de Nys et al., 1995; Steinberg et al., 1997 Steinberg et al., , 1998 Harder et al., 2004; Paul et al., 2006) . A variety of studies showed that macroalgae are a rich source of bioactive compounds against colonizing bacteria (Hellio et al., 2000 (Hellio et al., , 2001a Paul et al., 2006) , diatoms (Hellio et al., 2002; Amsler et al., 2005) and fungi (Ballesteros et al., 1994; Hellio et al., 2000; Engel et al., 2006) . These observations have inspired large-scale screening programs to discover novel antimicrobial compounds of algal origin. In the majority of these studies, crude extracts of entire algal material were directly screened for antimicrobial activities with a small number of bacterial (Hellio et al., 2000 (Hellio et al., , 2001a Freile-Pelegrin & Morales, 2004) and fungal isolates (Hellio et al., 2000 (Hellio et al., , 2001b Engel et al., 2006) . The experimental approach adopted in these studies provided a valuable insight into a wide spectrum of bioactive algal metabolites; however, the natural delivery mechanisms, as well as the susceptibility of ecologically relevant bacteria and fungi to naturally released algal metabolites often remained unknown (Gross, 1999 (Gross, , 2003 Engel et al., 2006; Paul et al., 2006) .
To cover any potential antimicrobial effects of algal compounds against the whole spectrum of potential bacterial colonizers in seawater, molecular fingerprinting tools were previously utilized to analyze the bacterial community richness in algal culture water (Lam & Harder, 2007) . The overall bacterial abundance in algae-conditioned treatments was reduced by 20-50% in comparison with seawater controls. The observed effects were caused by waterborne metabolites; however, some bacterial colonizers were exclusively eliminated in the presence of algae, indicating causative modes of action other than direct exposure of bacteria to waterborne metabolites (Lam & Harder, 2007) .
The present study followed the previous investigation of antimicrobial effects of waterborne macroalgal metabolites against potential epiphytic colonizers. Firstly, the hypothesis that the observed antimicrobial effects of algal metabolites targeted specific bacterial phyla was tested. Secondly, whether other microcolonizers, such as fungi, were affected by waterborne algal metabolites was tested. Allelochemical effects of macroalgae against marine fungi have been described in green, brown and red algae, but the delivery mechanisms of allelochemicals and their specificity are largely unknown (Paul & Fenical, 1984; Bouaicha et al., 1992; Smit, 2004) . These objectives were experimentally addressed with selective oligonucleotide probes that (1) distinguished between different bacterial phyla [Cytophaga/ Flavobacteria/Bacteroidetes (CFB), Alphaproteobacteria, Roseobacter], and (2) specifically targeted the planktonic fungal community in seawater. Experiments were performed with the macroalgae Ceramium rubrum, Laminaria digitata and Mastocarpus stellatus.
Materials and methods
Macroalgae Algae (Rhodophyceae: C. rubrum and M. stellatus; Phaeophyceae: L. digitata) were collected on the rocky shore of Helgoland Island (N: 54110 0 0 00 , E: 7152 0 60 00 ), North Sea, in November 2006. Before the experiments, macroalgae were treated and acclimatized in the laboratory according to Lam & Harder (2007) . Because commensalism between epiphytic microorganisms and macroalgae is widespread, in the following the terminology 'algae' refers to the assembly of plant and naturally associated microorganisms.
Experiment 1: effect of macroalgae on the community richness of planktonic bacteria Macroalgae (5 g wet weight L À1 seawater) were incubated for 3 days in 2 L aerated Erlenmeyer flasks containing fresh natural seawater (NSW) collected at the sampling site according to Lam & Harder (2007) . The temperature (10 AE 1 1C) and light (400-500 mmol m À2 s À1 ) settings were averaged according to environmental conditions at the sampling site. A flask containing NSW only served as a control. Aliquots (30 mL) of algal culture water (ACW) and the control were sampled after 72 h and subject to membrane filtration and filter PCR with three different sets of bacterial phylum-specific primers (see 'Filter PCR' for details). Each experimental setup was triplicated.
Experiment 2: effect of macroalgae on the community richness of planktonic fungi
The experimental setup was similar to Experiment 1, except that a larger volume (1 L) of ACW and NSW was collected and filtered through membranes at the beginning of the experiment (0 h) and after 72 h of incubation. The filter membranes were subjected to standard DNA extraction procedures (Zhou et al., 1996) before PCR with fungal primers (see 'Fungal DNA extraction and PCR' for details). Each experimental setup was triplicated.
Experiment 3: effect of waterborne algal metabolites on the community richness of planktonic fungi
The experimental setup to test waterborne algal metabolites in the absence of algae was performed according to Lam & Harder (2007) . Newly collected macroalgae were incubated in NSW for 72 h as described above and ACW was sterilefiltered through 0.22 mm membranes (Millipore, Billerica). The bacteria-free ACW was mixed with natural (bacteriacontaining) seawater in a sterile flask in a ratio of 1 : 1 and incubated for 24 h. A mixture of natural and sterile-filtered seawater in the same proportion served as a control. Each experimental setup was triplicated.
Filter PCR
The sampling procedure and the conditions for filter PCR were performed according to Lam & Harder (2007) . PCR amplification of 16S rRNA gene fragments was performed with three different primer pairs specific for: (1) the CFB phylum (GC-Cf 319f and 907r); (2) Alphaproteobacteria (GC-341f and ALF968r); and (3) the Roseobacter clade within Alphaproteobacteria (GC-ROSEO536Rf and GRb735r). Primer and GC clamp sequences, as well as PCR protocols of each bacteria-specific primer were adopted from Rink et al. (2007) . Amplified DNA was verified by electrophoresis of 4 mL of PCR products in 1% agarose in 1 Â TAE [2 M Tris, 1 M sodium acetate, 50 mM EDTA (pH 7.4)] buffer.
Extraction and amplification of fungal DNA
To investigate whether the community richness of marine fungi and spores was affected by macroalgae, a modified filter PCR protocol was used. In comparison with the filtration volume required to generate sufficient bacterial cell volume, more seawater had to be processed because the average abundance of marine fungi and spores is significantly lower than in case of bacteria (Kohlmeyer & Kohlmeyer, 1979) . Briefly, filter membranes containing fungal biomass were homogenized in a sterile mortar together with 0.1 g of sterile sea sand (J.T. Baker, the Netherlands) and 1 mL of CTAB extraction buffer (100 mM Tris at pH 7.5, 1% cetyltrimethylammoniumbromide, 0.7 M NaCl, 10 mM EDTA, 1% mercaptoethanol. Fungal community DNA was extracted according to Zhou et al. (1996) . Briefly, the filter membrane slurry was incubated at 65 1C for 2 h, together with proteinase K (20 mg mL
À1
) and 20% sodium dodecyl sulfate (SDS). An equal volume of chloroform : isoamylalcohol (24 : 1 v/v) was added to the mixture before centrifugation at 10 000 g for 5 min. One mL of the aqueous supernatant was transferred into a 2 mL centrifuge tube and 0.6 volume of isopropanol was added to precipitate the DNA overnight. The DNA pellet was washed twice with ice-cold 70% ethanol, air-dried at room temperature and resuspended in 30 mL TE buffer (10 mM Tris/Cl, 1 mM EDTA at pH 8.0).
Fungal PCR
A PCR reaction vial was filled with 50 mL reaction volumes using 10 mM of each deoxyribonucleotide triphosphate (dATP, dCTP, dGTP, dTTP; Gene Craft, Germany), 25 mM MgCl2, 10 mM of ITS 2 (5 0 -GCTGCGTTCTTCATCGATGC-3 0 ) and GC-ITS 5 (5 0 -CGCCCGCCGCGCCCCGCGCCCG-TCCCGCCGCCCCCGCCCGGGAAGTAAAAGTCGTAAC-AAGG-3 0 ) primers (White et al., 1990) Denaturing gradient gel electrophoresis (DGGE) analysis of bacteria and fungi in algal culture medium
Equal volumes of PCR amplicons were analyzed by standard DGGE protocols (Muyzer et al., 1993 ) using a 6% (w/v) acrylamide/bisacrylamide (37.5 : 1) gel containing a linear gradient ranging from 35% to 75% denaturant (100% denaturant solution containing 40% formamide and 7 M urea) for primer pairs of CFB and Alphaproteobacteria, while a 9% (w/v) acrylamide/bisacrylamide (37.5 : 1) gel with a linear gradient ranging from 30% to 70% denaturant was used for fungal and Roseobacter primer pairs. Electrophoresis was carried out at 60 1C under a constant voltage of 100 V for 18 h using an Ingeny DGGE apparatus (PhorUII). The gel dimension was 25.4 cm Â 21.0 cm Â 0.75 mm. DNA standards were prepared using the same PCR protocol described above utilizing the following isolates: CFB (Cytophaga sp. I-377, Cytophaga sp. KT0803, Cytophaga marinoflava, Cytophaga sp.), Alphaproteobacteria and Roseobacter (Phaeobacter inhibeus, Phaeobacter inhibeus mutant lacking production of antibiotics, Loktanella sp., Sulfitobacter sp., Roseobacter sp.) and fungi (Phoma glomerata, Penicillium sp., Trichoderma sp., Mucor sp., Aspergillus sp., Cladosporium sp.). Gels were stained with SYBRGold s (Invitrogen, Karlsruhe, Germany) and destained with 1 Â TAE buffer. Gel images were taken using an AlphaImager s (AlphaInnotech, San Leandro, CA). Selected gel bands were excised with sterile gel cutters (Biozym, Bremen, Germany) and transferred into sterile PCR reaction vials together with 30 mL of sterile-filtered Milli-Q water. Samples were stored at À 20 1C.
Cloning
Three gel bands (Roseobacter 1, 3 and 5) obtained by DGGE with Roseobacter-specific primers (Fig. 3a) were cloned using the pGEM amplified and subsequently sequenced using the primers pUC/M13f and pUC/M13r at an annealing temperature of 48 1C (Messing, 1983) .
Phylogenetic analysis and nucleotide sequence accession number PCR products were sequenced by Seqlab Sequence Laboratory, Göttingen, Germany, using the primers described above. All sequences carried at least 400 bps. The phylogenetic affiliation of the sequences was compared with those in GenBank using the BLAST function of the NCBI server (http://www.ncbi.nlm.nih.gov/blast/Blast.cgi).
Statistical analysis
DGGE banding patterns of the bacterial communities of both ACW and NSW were subjected to one-way analysis of similarity (ANOSIM) in order to test for significant differences between groups of samples of different treatments. Computed values were graphically illustrated by Bray-Curtis cluster analysis. All calculations were performed with the PRIMER v 5 computer programs (PRIMER-E Ltd, Plymouth, UK). Specific bacterial and fungal types that originated from macroalgae (defined as 'algal-specific' bacteria/fungi) were omitted in the DGGE fingerprint analysis.
Results
Experiment 1: effect of macroalgae on the community richness of different phylogenetic groups of bacteria
The bacterial communities in algal treatments were characterized by the absence of bands in comparison with the control of natural seawater, which supposedly reflected a community of chemically unaffected bacteria. The algal treatments showed a few additional bands in comparison with the control. These phylotypes supposedly stemmed from macroalgae and were considered to be contaminants and omitted in the analysis of bacterial community patterns. The community profiles observed in replicated samples were mostly identical (490% similarity; Figs 1-3, Table 1 ).
CFB
Under the combination of CFB-specific PCR primers, the number of discernible gel bands obtained from algal treatments ranged from six to seven. In total, 10 band positions were used to create a similarity matrix based on Boolean character sets (1 or 0) corresponding to the presence or the absence of a given band in a gel lane. The ANOSIM of given bands per treatment produced a global R-value of 0.735 at a significance level of 0.2%. Four phylotypes were eliminated in the Ceramium treatment, while three phylotypes were eliminated both in the Laminaria and in the Mastocarpus treatments. The community composition of CFB in the Laminaria treatment was statistically the same as in the control of seawater (ANOSIM, R = 0.648, Fig. 1, Table 1 ). In contrast, the community compositions in the Ceramium and the Mastocarpus treatments were significantly reduced, sharing o 70% similarity in comparison with the control of seawater (ANOSIM, R = 1.0, Fig. 1, Table 1 ).
Alphaproteobacteria
Under the combination of Alphaproteobacteria-specific PCR primers, the number of discernible gel bands obtained from algal treatments ranged from four to six. In total, eight bands were used to create a similarity matrix. The ANOSIM of 2   100   90   80   70   60 Similarity (%) Fig. 1 . Cluster analysis of DGGE banding patterns of planktonic bacteria belonging to the CFB group after 72 h of incubation in the presence of macroalgae in replicated treatments (1-3) of Ceramium rubrum (C), Laminaria digitata (L) and Mastocarpus stellatus (M), and a control of NSW after 72 h of incubation. The dendrograms were constructed using a similarity matrix determined by Bray-Curtis coefficients and the unweighted pair-group average method. given bands per treatment produced a global R-value of 0.556 at a significance level of 0.1%. Two phylotypes were eliminated in the Ceramium treatment, while 1 and 4 phylotypes were eliminated in the Laminaria and the Mastocarpus treatments, respectively. The community composition of Alphaproteobacteria in the Laminaria treatment was the same as in the control, sharing more than 90% similarity (ANOSIM, R = 0.074, Fig. 2 , Table 1 ). The bacterial community compositions in the Ceramium and the Mastocarpus treatment were significantly different from the control [ANOSIM, R = 0.741 (Ceramium), 0.796 (Mastocarpus), Fig. 2 , Table 1 ], sharing o 60% similarity.
Roseobacter
Under the combination of Roseobacter-specific PCR primers, the number of discernible gel bands obtained from algal treatments ranged from eight to 10. In total, 12 bands were used to create a similarity matrix. The ANOSIM of given bands per treatment produced a global R-value of 0.759 at a significance level of 0.1%. Two phylotypes were eliminated in the Laminaria treatment, while four phylotypes were both eliminated in the Ceramium and the Mastocarpus treatments (Fig. 3a) . The bacterial community compositions of Roseobacter in all algal treatments were statistically different from the seawater control, sharing only 75% similarity [ANOSIM, R = 1.0 (Ceramium), 0.796 (Laminaria), 1.0 (Mastocarpus), Fig. 3b , Table 1 ]. Three gel bands that were selectively eliminated in algal treatments were excised from the control at corresponding positions (labeled Roseobacter 1, 3 and 5) and sequenced (Fig. 3a) .
Phylogenetic affiliation and nucleotide sequence accession number of excised bands
The sequences of the excised bands Roseobacter 1-3 were affiliated to different uncultured Roseobacter species (Roseobacter 1: 96% similarity to DQ778278.1; Roseobacter 2: 94% similarity to DQ778134.1; Roseobacter 3: 96% similarity to DQ778280.1, Alonso-Sáez et al., 2007) .
Experiments 2 and 3: effect of macroalgal metabolites in the presence and absence of algae on planktonic fungal community richness
The fungal communities in macroalgal treatments were characterized by the absence of bands in comparison with the seawater control, which supposedly reflected a community of chemically unaffected fungi. The algal treatments showed a few additional bands compared with the control. These fungal phylotypes supposedly originated from macroalgae and were considered to be contaminants and omitted in the analysis of fungal community patterns. The community profiles observed in replicated samples were mostly identical ( 4 90% similarity; Figs 4 and 5, Table 2 ). Under the combination of fungal-specific PCR primers, the number of discernible gel bands obtained from algal treatments in the presence of algae ranged from eight to nine. In total, 11 bands were used to create a similarity matrix. The ANOSIM of given bands per treatment produced a global R-value of 0.91 at a significance level of 0.1%. Two phylotypes were eliminated in the Ceramium treatment, while three phylotypes were both eliminated in the Laminaria and the Mastocarpus treatments. The community composition of fungi in all algal treatments was statistically different compared with the controls [ANOSIM, R = 0.963 (Ceramium), 1.0 (Laminaria and Mastocarpus), Table 2 ], sharing o 75% similarity in fungal community in comparison with the control (Fig. 4) . In the seawater controls analyzed at zero and 72 h, the fungal community composition was more than 90% similar, verifying that the fungal community was not changed during the course of the experiment in chemically unaffected treatments (ANOSIM, R = 0.722, Fig. 4, Table 2 ).
Under the combination of fungal PCR primers, the number of discernible gel bands obtained from algal treatments in the absence of algae ranged from 12 to 13. In total, 14 bands were used to create a similarity matrix. The ANOSIM of given bands per treatment produced a global R-value of 0.215 at a significance level of 3.0%. Two phylotypes were eliminated in the Laminaria treatment, while only one phylotype was eliminated in the Ceramium and the Mastocarpus treatments. The fungal community patterns in the Laminaria and the Ceramium treatment were significantly different from the control [ANOSIM, R = 0.315 (Ceramium, Laminaria), Table 2 ]. The fungal community composition in the Mastocarpus treatment was more than 90% similarity to the control (Fig. 5) .
Discussion
During the last five decades, marine macroalgae have been intensively screened for biologically active secondary metabolites (Pratt et al., 1951; Sieburth, 1964; Sieburth & Conover, 1965; Caccanese et al., 1985; Ballesteros et al., 1994; Harder & Qian, 2000; Steinberg, 2001; Engel et al., 2006) . Chemical analyses of macroalgal extract components have led to the discovery of novel marine natural products (Alejandro et al., 2004) with potent efficacies against a variety of micro-and macrofouling organisms (Walter et al., 1996; Dobretsov & Qian, 2002; Bansemir et al., 2004; Harder et al., 2004; Bazes et al., 2006) . In the majority of these studies, crude extracts of whole plant tissue have been screened against a variety of microbial fouling organisms in culture-dependent bioassays, e.g. with bacterial isolates, diatoms and fungi (Ballesteros et al., 1994; Hellio et al., 2000 Hellio et al., , 2001a Hellio et al., , b, 2002 Amsler et al., 2005; Engel et al., 2006; Paul et al., 2006) . Although these studies supported the notion of a diverse spectrum of bioactive plant metabolites, the identity of compounds, their ecological role as allelochemicals and their natural delivery mechanisms have been rarely investigated so far (de Nys et al., 1995; Steinberg et al., 1997; Maximilien et al., 1998) . Previously, antimicrobial effects of macroalgal metabolites against planktonic bacteria were demonstrated utilizing a culture-independent approach to compare the bacterial community richness in seawater in the presence and absence of different macroalgae. The eubacterial community profile in algal culture water was qualitatively and quantitatively reduced in the presence of macroalgae. This effect was mainly caused by waterborne algal metabolites, while some bacterial types were additionally affected by surfacemediated processes between algae and bacteria (Lam & Harder, 2007) .
In order to test whether antibacterial macroalgal metabolites affected the pool of potential bacterial colonizers in a phylum-specific fashion, experiments were repeated with oligonucleotide probes selectively targeting the bacterial phyla CFB, Alphaproteobacteria and Roseobacter. The community composition within these bacterial phyla was reduced to a greater extent in the presence of the red algae C. rubrum and M. stellatus than in the brown alga L. digitata (Figs 1-3) , indicating that either the quality of algal metabolites was different among the three macroalgae under investigation, or that the susceptibility of planktonic bacteria towards alga-derived antimicrobial effects correlated with their phylogenetic affiliation. The majority of affected bacterial phylotypes belonged to the CFB and the Roseobacter clade (Figs 1-3) , implying that epiphytic bacterial colonizers belonging to these groups may pose a particular threat to the algae. In an attempt to further characterize such potentially detrimental bacterial epibionts, three bands obtained from the Roseobacter gel were sequenced. The sequences were affiliated to three different but uncultured Roseobacter species; thus, further conclusions about their potential pathogenicity were not warranted. Nonetheless, these results clearly demonstrated the potent effects of waterborne macroalgal metabolites against this important group of bacteria, which account for ca. 25% of marine microbial populations, particularly in coastal and polar regions (Selje et al., 2005; Buchan et al., 2005; Wagner-Döbler & Biebl, 2006) . Although selective associations of members of the Roseobacter clade with red and green macroalgae have been shown (Ashen & Goff, 2000; Patel et al., 2003) , the ecological role of this clade in general and its interaction with eukaryotes in particular is poorly understood so far. Thus, this study provides first experimental evidence of a chemical ecological context between macroalgae and bacteria belonging to the Roseobacter clade.
To investigate whether the fungal community was similarly affected by macroalgae as in the case of planktonic bacteria, a modified filter PCR protocol targeting the fungal ITS 1 region was developed. The ITS regions are highly variable sequences of great importance to distinguish fungal species by PCR and molecular fingerprinting (White et al., 1990; Gardes & Bruns, 1993; Martin & Rygiewicz, 2005) . Under the combination of fungal primers PCR amplicons ranging from 250 to 300 bps were obtained. Similar to the observation of additional bacterial phylotypes in the presence of macroalgae compared with the unaffected control of seawater, additional fungal phylotypes were observed in all algal treatments, suggesting that these fungi were specific to algae and thus originated from the host plant. Importantly, the fungal community pattern was also reduced in macroalgal treatments. In contrast to the antibacterial effects observed in the two red algae, the brown alga L. digitata and the red alga M. stellatus exhibited a more pronounced antifungal effect than the other red alga C. rubrum, eliminating at least three fungal phylotypes compared with the control. In the absence of macroalgae, waterborne algal metabolites did not reduce the fungal community Table 2 . ANOSIM of DGGE banding patterns of (1) planktonic fungi in the presence of macroalgae in seawater conditioned with Ceramium rubrum, Laminaria digitata and Mastocarpus stellatus and in NSW at the beginning (0 h) and the end (72 h) of the experiment, and (2) Fig. 5 ). This may be due to the high recalcitrance of fungal hyphae and spores towards antimicrobial compounds compared with bacteria (Miao & Qian, 2005) . Otherwise, these results comply with earlier reports of the antifungal effects of macroalgae mediated by microorganisms in biofilms on algal surfaces (Armstrong et al., 2000; Dobretsov & Qian, 2002) . In summary, these data clearly suggest that macroalgae utilize allelochemical means to target phylogenetically different epiphytic colonizers, i.e. bacteria and fungi. Regarding the elimination of bacterial colonizers, the allelochemical effects differ among algae and selectively affect bacterial phyla. To The authors' knowledge, this is the first study that demonstrates macroalgal defenses against epiphytic microorganisms based on natural delivery mechanisms of allelochemicals utilizing a culture-independent approach, thus minimizing the ecological bias inherent to culture-dependent studies based on few microbial isolates.
